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ABSTRACT

The search for optimal solutions that enable efficient development of the required
transportation volumes at the lowest possible cost is currently one of the main challenges for the
growth of the maritime transport sector. The process of project cargo transportation using the
maritime transport is associated with the complexity of mass and geometric characteristics of these
loads, which requires the development of new methods of their adaptation to the technical
capabilities of the seagoing ships. Every case of project cargo transportation require thorough
voyage planning with regard to loading, stowage and securing of oversized and heavy units. That is
certainly lead to combination of solutions that require an individual approach, application of
special techniques and skills for the development of delivery schemes and organization of
transportation of this type of cargo and, of course, the adoption of measures to ensure the safety of
the transportation process. Ensuring the proper level of functioning of transport systems, solving
economic problems by expanding the volume of exports and transport services is always a topical
issue. Due to the growing demand for project cargo transportation using sea freight, which is
objectively the best option for international transportation in terms of economic component of the
cost-effectiveness of its use and its role in international trade. The shipping of project cargo on a
long distances using maritime transport is in high demand among the customers of high-tech
equipment and machinery, which further increases the share in the statistics of general cargo
transportation in whole. Issues of cargo safety among those that pay heightened attention,
determines the guarantee of preserving the shipment, on-time delivery, as well as the absence of
loss or damage to cargo.
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PE®EPAT

3abesneuenns HanexicHo2o pieHsA QYHKYIOHY8AHHS MPAHCHOPMHUX CUCTMEM, GUPIULeHHS]
EeKOHOMIYHUX Npobiem 3a paxyHoK 30inbuieHHs 00cs2i8 eKcnopmy ma mMpaHCNOPMHUX NOCHY2 -
3a62cou akmyanvHe numanns. Yepes spocmaroyuti nonum Ha NPOeKmMHi nepese3eH s aHMaxiCig i3
BUKOPUCMAHHAM MOPCLKUX 8AHMAICHUX Nepee3eHb, Wo € 00'€KMUBHO HAUKpawjum 6apiaHmom
MINCHAPOOHUX Nepede3eHb 3 MOUYKU 30PY eKOHOMIYHOI CKIA0080I eKOHOMIUHOI edheKmusHocmi ix
BUKOPUCMAHHSA MA U020 POJIL Y MINCHAPOOHIU mopeiéni. [Jocmaska npoexmHux 6aHmMadtcié Ha GeuKi
8IOCMAaHI 3a OONOMO2010 MOPCbKO20 MPAHCHNOPMY KOPUCMYEMbCA BEIUKUM NONUMOM ceped
CNOJHCUBAYIB BUCOKOMEXHOI02IUHO20 00NAOHAHHA MA MeXHIKU, Wo we Oinbue 30i1bulye YacmKy 8
cmamucmuyi nepesezenb 2eHepanbHux eamwmadcie y yinomy. Cmammsa npuceésiyeHa nouLyKy
ONMUMATLHUX DIUeHb, WO 00360JIA10Mb eheKMUEHO pPO38UBamMuU HeoOXIOHI 00cs2U nepeseseHb 3d
MIHIMANLHO MONCIUBUX BUMPAM, WO HA CbO20OHI € OOHIEI0 3 20J1I08HUX NpoOIemM OJisl 3pOCMAHHA
CEeKmopy  MOpcbKux mpancnopmyeans. Ilpoyec nepeeesenb  npoeKmHUX — 8aHMAdICI6 3
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BUKOPUCTNAHHAM MOPCbKO20 MPAHCNOPMY NO8'A3aHULL 13 CKIAOHICIIO MACOBUX MA 2eOMEeMPUUHUX
XapakmepucmuKk yux 6aHMAadi Cie, wo 6UMaedae po3poOKU HOBUX memodie ma ix adanmayii 0o
MEXHIYHUX MOACIUBOCMEN MOPCLKUX cyOeH. Koojicen sunadok mMopcvkoeo nepegezeHms NPOEKMHUX
BAHMAIICIE BUMARAE DEMENbHO20 NIAHYBAHHA MA NPOPOONEHH pelcy 0coOauso woodo cmaoii
3A6AHMANCEHHS, POMIWEHH MA 3AKPINIEeHHS 8eIUKO2ADAPUMHUX MA BANCKUX BAHMAICHUX MICYb.
Lle, Ge3ymosHO, npuzeeno 00 NOEOHAHHA pilleHb, SAKI GUMA2AOMb [HOUBIOYAIbHO20 NIOX00Y,
3ACMOCYBAHHA CNEeYIANbHUX NPUTIOMI6 MA HABUYOK, PO3POOIEHHSA ONMUMATbHUX CXeM OOCMABKU
MAKUX 8AHMANHCI8 00 MPAHCHOPMHO20 8Y3/LY MA OP2AHI3ayii nepegezenb OaH020 Uy BAHMAKCIS, I,
36UYAUHO, NPULHAMMS 3aX00I8 0115 3a0e3nedents Oe3neKu MpaHCnoOpPmHoO20 NPoYecy.

KiiouoBi cjioBa: TpoeKTHI BaHTaXi, MPOIEC TPAHCIOPTYBaHHS, ONTHUMalbHA CXeMa
JOCTaBKH.

Formulation of the problem in general terms and it connection with important scientific
practical tasks

Among the measures directed to the delivery process of the project cargo is the necessity of
proper study and evaluation of the transportation route from the manufacturer's warehouse to the
transport hub. Surely, it is difficult to overestimate the role of rail transport in transporting project
cargo, where the capacity reaches 500 tons with cargo handling indicators over 80% from those that
are transported through the sea ports. But in some instances of non-critical weight of cargo units
and compare the cost of transportation between the rail and water-automobile connections, the latter
option appears to be advantageous. An additional option method of delivery can be the use of inland
water transport, if the availability of navigable waterways and the possibility of using such a
variant, but in a number of cases the supplying company does not have direct access to inland
waterways, or the long-term river ports do not have sufficient capacity of transshipping facilities,
and the dimensions of cargo spaces can limit the passage under the bridges. Due to the fact that
some cargo spaces can exceed the permissible load on railway bridges and overpasses, road
transport can also serve as an alternative.

The last achievements and publications analysis, in which the solution of the problem is
begun and selection of the unsolved aspects of the problem

The choice of mode of transport or their combination to implement the optimal scheme of
cargo delivery should be based on the study of technical and economic characteristics of each type
of transport and determination of the conditions under which each type of transport is the most
economical. The way of comparison of transport efficiency options of different types of transport
depends on specific conditions. The papers [1-3, 7] deals with mode of transport interaction,
multimodal and intermodal transportation reveal the nature and classification of combined
transports and development of transport and technological process options' concept for goods
delivery with participation of maritime transport. Types of transportation of project cargoes and
criteria for their distinction studied in [13]. Works [4-5, 8] devoted to modelling of changes in
ship’s operational condition during transportation of oversized and heavy cargo, Markov model
approach for determining vessel activity and assessment of potential negative impact of the system
of factors on the ship’s operational condition during transportation of oversized and heavy cargoes.
Effectiveness assessment of non-specialized vessel acquisition and operation project, considering
their suitability for oversized cargo transportation reviewed in [6, 16]. Methodological aspect of
substantiating the feasibility of intermodal technology for delivery of goods in the international
traffic and substantiating the logistics chain, selection of a rational scheme of cargo delivery
including time criteria analyzed in [9-12]. In [14] featured, project and specialized cargo, supply
chain planning surveyed. Based on the studied works highlighted the lack of methods of
substantiation of optimal delivery schemes of project cargoes, which causes the need for additional
research aimed at expansion of the existing theoretical basis.
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The paper purpose formulation

To solve the problem of optimal scheme of cargo delivery selection, as well as the method of
transportation, it should be taken into account that the main criteria is not only to achieve the
minimum cost of cargo delivery, but also the delivery time rate and cargo safety issue. Based on
these factors, the main task is to justify the optimal scheme of cargo delivery and the choice of a
rational combination of modes of transport, which is carried out by comparing the results of
transport costs and delivery options for the same cargo.

Presentation of basic research material substantiating scientific results

The object of many researches includes the technological process of cargo delivery,
peculiarities of operations related to their handling and transportation involving maritime transport.
Among the reasons that are the basis for reducing the efficiency of cargo delivery, using maritime
transport is the lack of theoretical basis for comprehensive review of the shipping process of
delivery. As well as theoretical and practical aspects of the functioning of the maritime transport
complex in interaction with related modes of transport in the framework of the organization of
cargo delivery.

Over the last decades, along with the growth of project cargo shipments, the percentage of
such shipments has been steadily increasing. Tough competitive conditions force market
participants to look for new ways to increase company profits through alternative use of their own
fleet, including transportation of oversized and heavy cargoes. Experts predict that the share of
project cargo transportation will continue to grow in view of a considerable increase in demand for
project logistics, which is one of the most complicated types of transportation where both practical
experience and ability to promptly solve non-standard technical problems are especially important.
Almost all project cargoes are oversized or out of gauge cargo; therefore, careful analysis of
shipping options is required, depending on the different size and weight of each unit of the cargo
shipment. Undeniably, the safety of such transports is always paramount especially for project
cargoes. That is a critical factor to ensure a smooth process of transportation and solutions to
contingency situations that may arise.
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Figure 1. Share of project cargo transportation in the structure of ECL Group shipping company

Specific conditions of delivery and transportation of high-tech equipment do not allow for
disassembly, demounting and dismantling into pieces, blocks, modules due to the high value and
uniqueness of the production. Taking into account their shipping characteristics and specifics of
transportation, the term "project cargo" has recently gained popularity in international practice [13],
which unites under this term the cargo for transportation of which a separate project has to be

Hamionanshuii yHiBepeuteT «OJiechka MOPChKa aKaJieMish»



Cynuosoninns | Shipping & Navigation ISSN 2306-5761 | 2618-0073 31-2021

developed. Consignments of such cargo, as a rule, consist of oversized (large), voluminous, long-
length units and are technologically complex components of special equipment and materials
designed for remote assembly, installation and engineering in the process of construction of various
kinds of projects [14].

The method of determining the optimal scheme of delivery abovementioned cargo depending
on the total cost, delivery time and the probability of its damage in the process of transportation.
That’s specifies the key value of the following three indicators: total costs associated with the
delivery of the shipment, the total delivery time of the shipment, and the probability that during the
transportation of the shipment will remain unharmed. The value of each of these three indicators
depends on the choice of delivery scheme. Table 1 shows the results of calculations of total costs
associated with the delivery of the cargo, the total delivery time and expert estimates of the
probability of damage to the cargo at various delivery schemes.

Table 1. Indicators of total costs, total delivery time and the probability of damage to the cargo
with different delivery schemes

Scheme of Total expenses, , Total delivery time, | Probability of cargo
cargo delivery, R.; ;USD Tsari, days damage, P;
S, : 20 000 5 0,005
S, 80 000 4 0,003
S3 40 000 6 0,001
S 30 000 7 0,008
Ss 50 000 1 0,003

Selection of the optimal delivery scheme can be formally reduced to the following problem of
multi-criteria optimization:
(Rmr,Tz_ﬂ,PJ?F}IfF?, (1)

where is necessary to find such a scheme of cargo delivery S, which simultaneously achieves the
minimum value of three indicators - the total costs associated with the cargo transportation Ree,

total delivery time Ty, probability of cargo damage, P
As the calculations show (Table 2), the choice of the same cargo delivery schemes allows

minimizing the values of Tu!, However, in this case the values of Riiiand P increase. When
choosing other cargo delivery schemes, it is possible to minimize the value of R, by increasing the
values of other indicators. Thus, there is no such scheme of cargo delivery at which all three
considered objective indicators would reach the minimum at the same time. So in order to
substantiate the selection of such options for the cargo delivery S:, in which a balance between
these three indicators would be achieved, the decision maker must indicate the level of advantage

for each of the examined target indicators.
To determine the level of benefit of each of the considered target indicators we will use the vector

of valuation coefficients a:faj 203 »053) such that ®i »%2,%3 >0 and @:te; ta; :1. The values of
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coefficients #1, #2 and ## are selected by the decision maker, so that the value of %1 will be chosen
the closer to 1, the more priority is given to the value of the total costs of cargo transportation.

If the decision maker considers it reasonable to shift the balance of benefits in the direction of
reducing the total delivery time of the shipment or reducing the probability of its damage, then,

accordingly, a high value of the coefficient should be selected ®z or %z,
If all three objective criteria are equally important to the person making the decision, then you

should choose @1=€;=a;=0,333 Thus, by setting the values of coefficients ®1, ®z and %3, the two-
criterion optimization task (1) can be transformed into a one-criterion optimization task:

F(S.) 2 m n

2)
where the function F(5:) is defined by the equilibrium:
R -Begimin Teesi -Tezimin P -Py
F 5 =a,- gl ~imin LA i " imin Loy, LW
( r) 1 R:‘:.".'.'lm' 'R:‘:J'.'msi - T.".‘f?'.'.ﬂm‘ 'T.":J'.'msi i P'.'nm' "P.=.'1I.=i . (3)
where Rei - total costs for the i-th scheme of cargo transportation; Rettmax - maximum achievable

R

total costs for the various considered schemes of cargo transportation; ™¢tlmin - minimum expected

T

total costs for various considered schemes of freight transportation; *ttli - total delivery time for

T

the i-th scheme of freight transportation; © ttlmax - maximum expected delivery time for the various

T

considered schemes of cargo transportation; # ttlmin - minimum expected delivery time for the

various considered schemes of cargo transportation; Fi - the probability of cargo damage at the i-th

P

scheme of transportation; * max- the maximum probability that the cargo will be damaged at various

considered schemes of cargo transportation; P in - the minimum probability that the cargo will be
damaged in various examined schemes of cargo transportation;

The function F(5i/ takes its values on the range [0, 1] and dimensionless.
Consider the solution of the problem (2) with different options for determining the balance between
the total delivery time, total costs and the probability of damage to the cargo. For example, if all
three objective indicators that are considered are equally important for the person who makes the

decision, then selecting the@1=¢2=¢:=0,333  we conclude that the optimal scheme of cargo

delivery S5, because the lowest value of the function F (85)70,262 i5 achieved for it (Table 2).
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Table 2. Calculation of F(5i function values

s F(Si) F(Si)
Delivery scheme _ (_ i) _ at a; =0,5 , Qo =(0,] and at @, =(,0 , Ola =0,1
at oy =y =a; =0,333 a5 =0,4 and a5 =0
5, 0,412 0,067 0,067
5, 0,595 0,950 0,950
53 0,389 0,383 0,383
Sy 0,722 0,250 0,250
5. 0,262 0,450 0,450

For example, if we choose a; = 0.5, 02 = 0.1 and a3 = 0.4 1.e. the main priority is given to
reducing the total costs and reducing the probability of damages, in this case, as shown in Table. 2
the optimal choice will be the third delivery scheme S3, because the lowest value of function F(S;) is
achieved for it.

If the main priority is to reduce total costs, pay less attention to the delivery time and
completely neglect the cargo preservation, then the value of the coefficients o,y = 0.9, 02 = 0.1 and

a3 = 0, we can come to the conclusion that the optimal solution would be the third scheme for the
cargo delivery S;.

Task solution for selecting the optimal method of project cargo delivery, in general is led to
the identification of a number of criteria for the degree of their importance, and is characterized by
indicators among them minimization of total costs associated with the cargo delivery, reducing the
total delivery time, and excluding the possibility of loss or damage to the cargo. But achieving a
balance between these indicators requires increasing the level of adequacy for management
decisions as well as prioritizing each of the examined target indicators.

Conclusion

Maritime transport of project cargo, as well as a wide range of other general cargo is
characterized by the lowest speed and significant delivery terms. Factors of influence on these
indicators do not depend directly on the speed of seagoing ships during the voyage, the time, which
is the basis for the implementation of technological processes required for cargo operations,
transportation and warehousing works in the seaports. That is why the use of multimodal or
combined transportation significantly contributes to accelerate the shipping process. Using a road
transport in interaction with the maritime especially in the format of intercontinental transportation
of oversized cargo in a direct multi-modal road-water connection, used in most to ensure delivery
and transportation between the transport hub and warehouses of the shipper and the receiver.
Undoubtedly, the presence of the shifting work between modes of transport creates additional
pressure on the cost of delivery, but at the same time, this option remains the most effective in terms
of the organization of delivery and the total cost of transportation in general.
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